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Polymerization methods of acrylic resins have considerable effect on physical and mechanical properties like release 
monomer and porosity. The aim of this study was to investigate the release of residual monomer and porosity for acrylic 
denture base materials processed by different polymerization methods (heat and pour cured). Ten specimens were 
fabricated for each test. For release monomer test the samples were analyzed using gas chromatography with a flame 
ionization detector and for porosity test it was calculated by measurement of the specimen weight before its immersion in 
water and 7 days following immersion in water. Student t- test was performed to study the differences between the mean 
ratio of release monomer and porosity in heat-cured and pour-cured acrylic resin. The statistical analysis indicated highly 
significant differences in the mean rate of release monomer and porosity between pour-cured and heat-cured acrylic resin 
(P<0.001). As a conclusion, pour-cured acrylic processing method was significantly higher than heat-cured one in both 
residual monomer content and porosity. 
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Acrylic resin has been widely used as a 
denture base material since the late 1930s [1, 2]. It is by 
no means a completely ideal material as it has its own 
advantages and disadvantages but is still one of the 
most frequently and extensively used materials in 
dentistry. 
 
It is composed of polymethyl methacrylate 
(PMMA) powder particles, which are mixed with 
monomers of methyl methacrylate (MMA) and cross-
linking agent [3, 4]. However, although the acrylic 
resins are widely used up to date, it has their own 
shortcomings such as residual monomer content and 
porosity. 
 
The processing or polymerization of acrylic 
resin is the conversion of the monomer to the polymer 
regardless the methods used. However, this process is 
not complete and there is a certain amount of monomer, 
called residual MMA monomers, are left in the denture 
base polymers [3, 5]. 
 
There are many studies reported that residual 
MMA in a dental acrylic resin has baleful effects on 
many of its properties and leaching concentrations in 
water and saliva may be potentially high enough to 
elicit irritation and inflammation of the mucosal tissues 
[3, 5-8] and responsible for various degrees of 
cytotoxicity [9]. Because of that, it is desirable to 
reduce the residual monomer content in the dental 
acrylic resin to as low level as possible before it is 
placed in the oral cavity. 
 
In addition, porosity in denture base resins 
remains to be a long standing problem and undesirable 
characteristics of PMMA that affect the mechanical 
properties of denture. This has been related to different 
factors including the following: air entrapped during 
mixing, monomer contraction during polymerization, 
monomer vaporization associated with the exothermic 
reaction, and the presence of residual monomer [10, 
11]. In past few years, acrylic resin polymers and 
monomers have been modified not only to improve 
physical and mechanical properties, but also to improve 
the working properties that facilitate laboratory 
techniques such as microwave curing, visible light 
curing, and vacuum plus pressure at low temperature 
curing systems. However, it is important also to select 
an appropriate resin for the chosen method of 
processing to obtain the best results [12]. 
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Pour- type technique is one of the processing 
methods used to process the autopolymerized denture 
base resin. It is recently used to process denture base 
resin with acrylic stains [13] and augmentation for lip 
support [14]. It’s noted that many researches have 
studied the release of residual monomer and porosity in 
several types of acrylic resins because of their 
importance in the assessment of the biocompatibility as 
well as their role in the impact on physical and 
mechanical properties for acrylic resins. However, it's 
also noted that studies on these properties is very rare 
for pour cured acrylic resin. 
 
Fletcher investigated two self-curing acrylic 
denture-base materials (compression type, and pourable 
material). He concluded that both exhibited higher 
residual monomer levels than did heat-cured acrylics, 
with thick sections having lower values than did thin 
sections. The pourable material showed lower values 
than did the compression variety [15]. 
 
Sadamori studied the effect of thickness and 
location of acrylic resin plates on the residual monomer 
content after processing by three methods (conventional 
method, fluid resin technique, microwave curing 
method). He concluded that the levels of residual 
monomer were influenced by the processing methods 
and thicknesses of acrylic resin samples [16].  
 
Up to date there is no recent study on porosity 
and release residual monomer of denture base resins 
with pour type processing technique. Therefore, this 
study evaluated porosity and release residual monomer 
of two brands of denture base resins, which are 
processed by conventional heat and pourable type. 
 
MATERIALS AND METHODS 
Preparation of Specimens 
Relevant details of the resins used are 
presented in (Table-1). 
Table-1: Materials used in this study 
Information of the Denture Base Acrylic Resin 
Denture Base 
Material 
Manufacture Batch No Material type Composition 
Respal NF Roncomarzo- 
Mulazzano , Italy 
I 26837 heat cured 
acrylic resin 
Methacrylate copolymers and a 
liquid with a cross-linked effect 
Vertex 
Castapress 






Polymer based on Methyl 
methacrylate and monomer 
(mixing ratio10 ml liquid / 15 g 
powder) 
 
Heat-Cured Acrylic Resin 
The heat polymerizing resin (Respal NF, 
Roncomarzo- Mulazzano, Italy) was mixed according 
to the manufacture’s instructions and cured according to 
the traditional method (short curing cycle) in a curing 
Hanau temperature of 74 º C for two hours and then at a 
temperature 100 º C for one hour. 
 
Pour-Cured Acrylic Resin 
The cold cure resin (Vertex Castapress, 
soesterberg, Netherlands) was mixed in the ratio of 15 g 
powder to 10 mL liquid by weight. The mixing time is 
20 seconds and the pouring time was up to 3 minutes. 
After 6 minutes waiting, the flask was put in a curing 
temperature of 55 º C for 30 minutes (Fig-1). 
 
Fig-1: Vertex curing machine 
 
Preparation of Specimens for Porosity Test 
Metal plates were used to prepare ten Samples 
of each material in parallel rectangles (65 × 40 × 5 mm) 
dimensions by using heat-cured and pour-cured 
technique. In order to calculate the percentage of 
porosity, the weight of the samples was measured in the 
air and then in water. After that it saved in the incubator 
temperature of 37 ° C for one week (Fig-2) [22]. 
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Fig-2: Preparation the Specimens for porosity test and saving it in the incubator 
 
Digital analytical balance was used to weigh 
each specimen in air and water. The absolute density of 
acrylic resin (1.198 ± 0.01 gm/cc) was used to calculate 
the percent mean porosity by use of various equations. 
 
Wa = g (dr - da ) (vsp - vip) --- 1 
 
Ww = g (dr - dw ) (vsp - vip) + g (da - dw ) vip --- 2 
 
% of porosity = vip / vsp × 100 --- 3 
 
Where Wa = specimen weight in air, Ww = 
specimen weight in water, g = gravitational constant, dr 
= density of acrylic resin, da = density of the air, dw = 
density of water, Vsp = specimen volume, Vip = 
internal porosity volume. 
 
In the first equation, specimen volume minus 
volume of internal porosity was determined using the 
following known values: d r = 1.198 6 ±0.01 g/ml, d a = 
1.23 Kg/m 3, d w = 1000 Kg/m 3 and g = 9.8066 m/sec 
2. 
 
Release Monomer Test 
Three specimens from each material were 
prepared in parallel rectangles (35 × 8 × 3 mm) 
dimensions then we split these specimens to small 
samples (ten samples of each material) with a weight of 
0.2 g approx. Five mL of methyl ethyl ketone (MEK) 
was added into individual glass test tubes, each of 
which had a resin sample of about 0.2 g in mass, which 
were then kept in a dark place at 4°C for 96 hours. Ten 
μL of p-xylene was then added as an internal standard 
(2 μL per mL) and centrifuged at 2000 rpm for 15 min. 
The supernatant was then transferred into a vial 
awaiting analysis using gas chromatography with a 
flame ionization detector (Fig-3). The percentage of 
release monomer was calculated by dividing the amount 
of release monomer from each sample to sample weight 
multiplied by 100 (Fig-3). 
 
 
Fig-3: The samples in centrifugation at 2000 rpm for 15 min 
 
RESULTS 
Release Monomer and porosity Test 
The release monomer content and porosity 
results are presented in Table-2. 
 
Student t- test was performed on samples to 
study the significance of differences between the 
average ratio of release monomer and porosity in heat-
cured and pour-cured acrylic resin. There is highly 
significant differences in the average rate of release 
monomer and porosity between pour-cured and heat-
cured acrylic resin (P<0.001). 
 
The greatest overall increasing in residual 
monomer was Pour -cured acrylic resin samples by 
mean of 5.3 while the mean for heat-cured acrylic 
samples was 0.96. In addition, the mean percentage of 
porosity for pour-cured acrylic resin was 2.34 while for 
heat-cured acrylic resin was 0.89. 
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Table-2: Results of release monomer and porosity test in Heat and Pour cured acrylic resin samples 




Heat Cured 0.96(±0.18) 0.89(±0.11) 
Pour cured 5.3(±0.33) 2.3(±0.11) 
 
DISCUSSION 
It is important to determine the residual 
monomer content and porosity of any acrylic material 
with different processing method, as these directly 
influence the properties of the material [6]. There have 
been few reports that investigated the residual monomer 
and porosity for pour- type processing method. 
Therefore, the present study investigated the impact of 
the curing method (pour- type and heat cured) on the 
proportion of release monomer and porosity. In our 
study, the residual MMA content of pour-cured acrylic 
processing method (5.3%) was significantly higher than 
heat-cured acrylic (0.96%). This finding was almost 
identical to the finding of Sadamori 1994 [16]. In 
addition, Fletcher AM et al., investigated two self- 
curing acrylic denture-base materials (compression type 
and pourable material). They concluded that both 
exhibited higher residual monomer levels than did heat-
cured acrylics. However, the pourable material showed 
lower values than did the compression one [15]. The 
high proportion of residual monomer in pour-cured 
acrylic samples could be interpreted primarily for low 
temperature in curing, which is mainly processed 
through chemical activation compared with the thermal 
activation of heat-cured acrylic resin and that lead to the 
existence of a large amount of residual monomer which 
did not enter the formation of chains with polymer 
molecules [17, 18]. Another explanation could be the 
high proportion of pores formed in pourcured acrylic 
samples that facilitate infiltration and release the 
residual monomer from acrylic material. 
 
The result of heat cured acrylic resin in our 
study is not surprising as this finding confirmed the 
previous studies which reported that polymerization 
temperature and time considerably affect the residual 
MMA content of denture base polymers [3, 18]. 
However, the longer period the acrylic samples it takes 
in the curing process with high degree of curing 
temperature the less proportion of release monomer 
from this acrylic. Moreover, in order to achieve such a 
low residual monomer level, the curing time should be 
more than 50 min [18]. There are many reports showed 
that residual MMA in acrylic resin is toxic to oral 
tissues. Although heat-polymerized resins showed 
lower cytotoxic effects than autopolymerizing denture 
base acrylic resins [9], Hensten-Pettersen and Wictorin 
reported that the cytotoxic potential of autopolymerized 
pour type and heat cured resins did not indicate any 
difference when manufactured by alternate processing 
methods [19]. However, new methods are 
recommended to reduce the residual monomer in auto 
and heat polymerized acrylic resin using ultrasonic 
treatment [20, 21]. During polymerization of acrylic 
resin, pores are formed in its mass leading to porosity. 
Porosity occurs due to the air trapped during mixing, 
monomer contraction and evaporation of the monomer 
during curing [18]. There are many variables 
influencing the porosity in acrylic resin samples such 
as; specimen thickness, curing method, curing time and 
curing temperature. In the present study, the porosity in 
pour-cured acrylic resin was higher than it in heat-cured 
acrylic resin. However, the effect of time and 
temperature might be the dominant. The curing 
temperature and time of pour-cured acrylic in our study 
was 55 º C for 30 minutes which is very less comparing 
with that of heat cure acrylic resin. This result was in 
agreement with Antonopoulos 1978 where the porosity 
in pour-cured acrylic resin was higher than it in 
heatcured acrylic resin. However, the porosity in our 
study is not as high as previous study [23] which might 
be due to the improvements to pour-cured acrylic resin 
within the thirty-year period. 
 
CONCLUSION 
Pour-cured acrylic processing method was 
significantly higher than heat-cured one in both residual 
monomer content and porosity. 
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